Turmeric and fish oil have been gaining interest as food supplements because of their beneficial properties. Turmeric oil contains sesquiterpenes and fish oil has eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), possessing anti-inflammatory activity. The present study is to evaluate and compare the anti-inflammatory and analgesic properties of these two natural food products with aspirin as a standard. The percent inhibition as a measure of paw edema for turmeric oil and fish oil at 100 mg/kg was 76% and 31%, respectively, while the percent inhibition by the combination of the two at 100 mg/kg was 62%, which was the same as that of aspirin at the same dose. The inhibitory activity of fish oil at 50 mg/kg was 86% and with an increase in dose the activity decreased. The analgesic activity measured by the tail flick method showed optimum activities for turmeric oil and fish oil at 60 and 90 minutes, respectively, whereas the combination of the two decreased the analgesic activity. Thus the two common food ingredients, oils from turmeric and fish, have desirable biochemical properties to develop further their use as food and medicine.
Foods and their extracts have been of great interest in recent years for their healing properties and the trend is to use food as medicine when possible. Most of these products have very little adverse effect. Turmeric (Curcuma longa L.) has been utilized in food products as a culinary spice for thousands of years. Turmeric root also has several traditional medical applications. It is used as a blood purifier and in the prevention and treatment of skin diseases, biliary disorders, cough, anorexia, rheumatism and sinusitis [1] . Similarly, fish and fish oil have been consumed in large quantities as food and food supplements. The essential fatty acids, in particular omega-3, found in fish oil are precursors to a new genus of lipid mediators that are both pro-resolving and anti-inflammatory and appear to play a physiological role in terminating inflammation [2] . The two main active ingredients that are responsible for the medicinal properties of turmeric are curcumin and the volatile oil, containing terpenoids. The oil constitutes about 3-6% of the dry weight of the rhizomes and, like curcumin, has several antiinflammatory and anticancer properties [3] . Turmeric oil possesses anti-microbial, anti-fungal, antiviral, anti-inflammatory and insecticidal activity, and has anti-cancer properties [4] [5] [6] [7] [8] . It can scavenge free radicals and produce significant anti-inflammatory and anti-nociceptive activities. It showed significant reduction in paw thickness in carrageenan-, dextran-, and formalin-induced chronic inflammation [9] .
The present study was made to understand the possible pharmacological effects of these two food components and to compare the anti-inflammatory and analgesic activities of the two when combined. These results were compared with those of aspirin. The components in the purified fraction of turmeric oil were identified, and the fish oil contained a high ratio of DHA and EPA.
The carrageenan-induced paw edema test for anti-inflammatory activity and tail flick test for analgesic activity were conducted. The various groups are shown in Table 1 . The percent inhibitions for various groups are shown in Figure 1 . There were significant increases in paw measurements after carrageen injection in all the groups. The increase was maximal in the control group verifying the effectiveness of the method. All drugs in the various groups inhibited the edema. The inhibition was not statistically significant when we used multi-group comparison in 12 groups. The fish oil inhibited edema at all dose levels when compared with the control groups. The lower dose was more effective at all times. Similarly, turmeric oil and the combination formulation were more effective at lower doses ( Figure 1 ). The percentage inhibition was significantly more with lower doses of fish oil and turmeric oil as compared with the combination (200 mg/kg). This difference persisted with the lower dose of turmeric oil at 3 hours. Fish oil at 50 mg/kg had the highest inhibition (86%) in the first hour and was higher than that of aspirin at 200 mg/kg. The effect was almost steady for two hours and slowly decreased to 76% in three hours. The second highest inhibition was due to turmeric oil at 100 mg/kg (76%) and it decreased rapidly with time.
The combination of fish oil and turmeric oil had the highest activity (72%) at 2 hours for 100 mg/kg (50 mg/kg each) and 200 mg/kg (100 mg/kg each). The effect was consistent for 3 hours. There was no increase in tail flick latency in the control groups as expected. There was a significant increase in tail flick latency (seconds) with aspirin for both 100 and 200 mg/kg, peaking at 30 minutes , and for fish oil at 100 mg/kg peaking at 90 minutes (data not shown). Turmeric oil at 100 mg/kg and 200 mg/kg had considerable effect in increasing the tail flick latency time at one hour. The MPE is a measure of the analgesic effect of the drug. It was significantly more with aspirin (100 mg/kg) when compared with the control group as expected. The percent MPE was highest with fish oil at 100 mg/kg dose at 90 minutes. Turmeric oil (100 mg/kg) also led to higher MPE at 60 minutes ( Figure 2 ). The combination of turmeric oil and fish oil reduced the MPE when compared with individual components. The MPE was lower with turmeric oil and the combination when compared with aspirin.
The anti-inflammatory effect of omega-3 fatty acids has been reported [10] . Several molecular targets have been suggested for this pharmacological activity including nuclear receptor PPARγ and
Anti-inflammatory of turmeric oil Natural Product Communications Vol. 9 (2) 2014 227 the G-protein-coupled receptor GPR120. The conversions of omega-3 fatty acids to anti-inflammatory and pro-resolving resolvins and protectins and the identifications of putative targets GPCRs, ChemR23, BLT , ALX/FPR2, and GPR32, have also been of recent interest [11, 12] . Carrageenan-induced hind paw edema is the standard experimental model of acute inflammation, as it is not known to be antigenic and is devoid of apparent systemic effects and has a high degree of reproducibility [13] . Carrageenan-induced edema is a biphasic response. The first phase is mediated through the release of histamine, serotonin and kinins, whereas the second phase is related to the release of prostaglandin and slow reacting substances which peak at 3 hours [14] . This may explain the biphasic response of some of the drugs. The increase in the paw volume following carrageenan administration in the control and aspirin treated group corresponds with the findings of previous workers [2, 15] . Both turmeric oil and fish oil produced significant inhibition of carrageenan-induced paw edema. The combination of the two had a sustained anti-inflammatory activity. The combination at 100 mg/kg was better than aspirin at the same concentration, especially after 2 and 3 hours. Fish oil and turmeric oil had strong %MPE at 60 and 90 minutes, respectively, and this was dose dependent. The activity is comparable with or better than aspirin at the corresponding dose. The 1:1 combination of the two drugs eliminated the analgesic activity in the tail flick method indicating that it may be through opposing pathways, especially because of the structural differences of these compounds.
The results of the present study show that omega-3 fatty acids, DHA and EPA in fish oil and the termerones (ar-turmerone and and turmerones) in turmeric oil have significant anti-inflammatory and analgesic activities in animal models and the combination of the two has strong anti-inflammatory activity. The activities were dose dependent and an optimum dose was needed at each time point for maximum effect. These results, for the first time, give a comparison of the anti-inflammatory and analgesic properties of turmeric oil and fish oil with respect to the standard, aspirin. Additional studies are needed to explore the mechanism of these activities. These nontoxic compounds present in food are excellent lead compounds for further development as anti-inflammatory and analgesic drugs.
Experimental

Materials and standards:
Turmeric powder (Alleppey finger variety) was obtained from Kerala, India. Turmeric oil was obtained from turmeric powder by n-hexane extraction. The oil was distilled under high vacuum to obtain a fraction corresponding to 105 o C to 118 o C. NMR and GC-MS analysis of the oil showed that it contains ar-turmerone and and -turmerones [7] . Fish oil (Omega-3 Fish oil, Jadwards International, Inc; Quincy, MA) is a mixture of Omega-3, 50% DHA and 20% EPA-fish oil. Carrageenan was purchased from Sigma-Aldrich.
The animal study protocol was approved by IAEC (CMC, Ludhiana). Albino rats obtained from the central animal house were used in the study. The animals were kept under a 12 h day night cycle. They were given a standard diet, and water was provided ad libitum. All animals were acclimatized for at least one week before the experimental session. Animals were divided into 12 groups for each of the carrageenan induced paw edema and tail flick methods. Each group consisted of 4 animals, which were rehabilitated after the experiments. Animals received orally (p.o.) fish oil, turmeric oil and a combination of both (1:1) at 3 dose levels i.e. 50, 100 and 200 mg/kg.
Carrageenan induced rat paw edema:
Pedal inflammation in albino rats of either sex was produced according to the reported method [16] . An injection was made with 0.1 mL of 1% carrageenan suspension into the right hind foot of each rat in the plantar region. The various chemicals were given 30 mins before carrageenan injection. Increase in linear paw circumference was measured by tying a piece of cotton thread around the rat's paw, and noting the point of intersection of the two ends on a meter scale (data not shown). This was taken as an index of increase in paw volume, which is a measure of edema [17] . Measurements were taken immediately before and at 1, 2 and 3 h after carrageenan injection. The inhibitory activity was calculated according to the following formula [18] :
Ct-Linear paw circumference 3 h after carrageenan injection and Co-Linear paw circumference before carrageenan injection.
Tail flick test: Analgesic activity was measured by the tail flick method, using the analgesiometer (Techno, Lucknow, India) [19] . Rats were screened for tail flick reaction with a cut-off time of 5 seconds. For each animal, the tail flick latency was obtained thrice before drug administration and the mean was used as pre-drug latency. The tail flick latencies were measured at 0, 0.5, 1, 1.5, 2 and 3 h after administration of the various chemicals (Table 1) . For animals that did not respond within the cut-off time of 10 seconds, the value of the cut-off time was considered as the latency period for that animal [20] . Results were expressed as percent maximum possible effect (MPE) [21] : MPE = (post treatment latency-pretreatment latency) x100
Pretreatment latency Statistical analysis: Data were analyzed using analysis of variance (ANOVA) with the Bonferroni posthoc test and t-test. p<0.05 was considered as statistically significant.
